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(11) Publication Number of Patent Aj^lication: JP-A-9-2959 
(43) Date of Publication of Application; January 7, 1997 

(54) [Title of the Invention] IgE ANTIBODY PRODUCTION 
SUPPRESSOR AND ANTI - AI.LBRGIC AGENT 

(57) [Abstract] 

[Objects] A novel means for suppression of production of IgE 
antibody which plays an important role in the first stage of 
type I allergic reaction is provided whereby treatment and 
prevention of type I allergy are made easy. 

[Constitution] An IgE antibody production suppressor and an 
anti-allergic agent in which cells of lactic acid bacteria are 
an effective ingredient. 

[Claims] 

[Claim 1] An IgE antibody production suppressor in which 
cells of lactic acid bacteria are effective ingredient. 

[Claim 2] An anti-allergic agent in which cells of lactic 
acid bacteria are effective ingredient. 

[Claim 3] The igE antibody production suppressor according 
to claim 1, wherein the lactic acid bacteria are Lactobaclllusr 
acidophilus, Xiactobacillus brevis, Lactobacillus buchneri, 
Lactobacillus casei, Lactobacillus delbrueckii, 
Lactobacillus fermentum, Lactobacillus helveticus, 
Laatobaclllua kefir, Lactobacillua pareaasei, Lactobacillus 
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plantarvm, Lactobacillus rhamnosus, Lactobaaillus salivarlvs, 
Streptococcus thermophylus , Lactococcvs lactis, Lactococcus 
plantarum, Lactococcus raffinolactxs, Leucanostoc lactis, 
Leuconostoc mesenteroides , Enterococcua faecalis, or 
Enterococcus faecima. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of implication] 

The present invention relates to an IgE antibody 
production suppressor which is effective for prevention and 
treatment of allergy. 

[0002] 
[Prior Art] 

Allergic diseases are classified into from type I to type 
IV according to their action mechanisms and the allergic 
disease, but the hay fever, atopic dermatitis, bronchial asthma, 
allergic rhinitis, allergic conjunctivitis and food allergy 
which causes distress to many people in Japan is ein IgE 
antibody-dependent type I allergy. 

. [00031 

In an onset process of type I allergy, allergen-specific 
IgE antilxjdy is firstly bonded to Fee receptor on the surface 
of basophiles in blood and mast cells in tissues and then 
allergen is bonded to that IgK antibody, whereupon cross-link 
is formed between igE antibodies. As a result of such a 
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crose-link, mast cells and basophiles are atiimilated, 
whereupon chemical transmitters such as histamine, serotonin, 
leukotriene and heparin are liberated and these act to produce 
various allergic symptoms. 
[0004] 

Symptomatic treatment using anti-allergic agent a 
suppressing release o£ the above chemical transmitter, an 
anti-histaminic agent suppressing the effect of released 
chemical transmitter, a steroidal agent having an 
anti-inflammatory action, etc. have been carried out for type 
I allergy up to now but these conventional drugs have side 
effects to some extent, whereby there it is difficult to 
determine the method of their use, 

[0005] 

If production of the IgE antibody which plays an 
important role in the first stage of onset of type I allergy 
could be suppressed, that likely would be a fundamental 
prevention and treatment. However, effective means for 
suppression of production of IgE antibody has hardly been 
developed at all. 

[0006] 

[Problems that the Invention is to Solve] 

Under such circumstances, an object of the present 
invention is to provide a novel means for suppression of 
production of IgE antibody, which plays an important role in 
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the first stage of type I allergic reaction, is provided, so 
that treatment and prevention of type I allergy are made easy. 
[0007] 

[Means for Solving the Problems] 

The present invention which was successful in achieving 
the above object provides a suppressor for production of igB 
antibody where cells of lactic acid bacteria are the effective 
ingredient, the present inventors being the first to find that 
cells of lactic acid bacteria suqppress the production of IgB 
antibody. 

[0008] 

The present invention also provides a novel 
anti-allergic agent where cells of lactic acid bacteria are 
the effective ingredient, in which production of igE antibody 
is suppressed whereby type I allergy is prevented or treated. 

[OO09] 

A suppressive action of lactic acid bacteria for 
production of IgE antibody has been confirmed by an antibody 
production test using spleen cells of mice which were 
previously imnmnized against ovalbumin antigen which is a 
representative food allergen (refer to the Examples which will 
be mentioned later) . ' 
[0010] 

Although there are differences to some extent in the 
lactic acid bacteria's suppression of production of IgE 
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antibody depending upon bacteria species and bacteria strains, 
such an action has been noted in all of Lactobaaillus and 
Lactococcus the present inventors have investigated. 
Accordingly, there is no limitation upon lactic acid bacteria 
type at all in the present invention, and any lactic acid 
bacteria such as of the genus Lactobacillus, genus 
Streptococcu£f, genus Iiactococeus, genus Leuconosfcoc, and 
genus EnterocoacuB may be used. 
lOOll] 

Specific examples of preferred lactic acid bacteria for 
the present invention having particularly significant 
suppressive action for production of IgB antibody are 
LactobaciIlU£i acidophilus, Laatobacillua brevis, 
Lactobacillus buchneri, Lactobacillus easel, Lactobacillus 
delbrueckii , Lactobacillus fexmentum, Lactobacillus 
helveticus, Lactobacillus kefir, Lactobacillus paracasei, 
Lactobacillus plantarum, Lactobacillus rbaimosus, 
Lactobacillus salivarius, Streptococcus thexTnophylus , 
Lactococcus lactis, Lactococcus plantarum, Lactococcus 
raffinolactis, Leiiconostoc lactis, Leuconostoc 

mescenteroides , Enterococcus faecalls and Enterococcus 
faeciim. Preferred ones among them are those where production 
amount of IgB is suppressed to not more than 3 0 ng/ml and, more 
preferably, not more than 10 ng/ml in the test for suppressive 
action for production of IgE antibody which will be mentioned 

5 



later . 

[0O12] 

Lactic acid bacteria which are separated by a 
cell-collecting means such as centrifugal separation from the 
cultured product prepared by incubation according to any 
conventional method for incubation of lactic acid bacteria may 
be used as they are for the present invention. For the 
manufacture of the preparation, excipient, stabilizer, 
corrigent, etc. may be appropriately mixed followed by 
f reeze-drying or dead cells may be prepared by heating and 
drying. It is also possible to manufacture a preparation by 
mixing with any other drug to the extent, that the suppressive 
action of lactic acid bacteria for production of IgE antibody 
is not disturbed. Examples of dosage form are powder, tablets 
and drinks. 

[0013] 

The suppressive agent for production of IgE antibody and 
the anti- allergic agent according to the present invention are 
usually administered by oral route. An appropriate dose is 
about 10 to 1,000 mg on the basis of cell weight per day for 
an adult . Acute toxicity and side effects upon administration 
for a long period have not been noted. 

[0014] 

The suppressive agent for production of IgE antibody and 
the anti-allergic agent according to the present invention are 



■useful for prevention and treatment of allergic disease such 
as hay fever, atopic dermatitis, bronchial asthma, allergic 
rhinitis, allergic conjunctivitis and food allergy. 

[0015] 
[Examples] 

Hereunder, the present invention will be illustrated by 
showing the result of tests of suppression of production of 
IgE antibody by various lactic acid bacteria. Incidentally, 
the lactic acid bacteria used for the test were those separated 
from human feces and digestive tract or dairy- related lactic 
acid bacteria, prepared by incubation of on an MRS medium by 
a conventional method, washing three times by suspending in 
aseptic water and by centrifugal separation, heating at XOO°C 
for 30 minutes and freeze-drying. 

[0016] 

Test method; 

Female BALB/c mice of five weeks age were immunized with 
aluminum hydroxide adjuvant of 1 mg (100 jxl) to which 50 \ig 
of ovalbumin was adsorbed, the spleen was excised therefrom 
after two weeks and a unicellular floating liquid was prepared. 
This was incubated together with ovalbumin (20 |ig) and 
heat-killed cells of lactic acid bacteria (0.04 jig) using an 
RPMI 1640 medium (containing 100 U/ml of crystalline penicillin 
G potassium and 100 fig/ml of streptomycin sulfate) containing 
10% fetal bovine serum, 6 x 10^/200 til/well (a 96-well 
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flat -bottom Tnicroplate ; Nunc) , The incubatioii was conducted 
under the condition of 5% carbon dioxide gas at 3l°C. The 
supernatant liquid of the culture on the 14th day was collected 
and the amount of IgB antibody therein was measured by a 
Seindwich ELISA method. Then, monoclonal anti-mouse IgE 
antibody (R35-52; trade name: Rm-E-olP; Pharmingen) , which is 
a primary antibody, was dissolved in a sodium carbonate buffer 
to TCiake 5 |ag/ml and then 50 \il thereof was added to a 9e-well 
microplate and adsorbed at 4''C for one night. After that, 
blocking was conducted, 50 p.! of the supernatant liquid of 
culture was added and the mixture was incubated at 37*C for 
90 minutes. Then 50 \il of biot in- labeled anti-mouse 
monoclonal IgE antibody (LO-ME-2) diluted 20D-fold with a 
physiological saline buff ered with phosphate containing 0.5% 
Triton X-100 was added thereto as the secondary antibody and 
incubation was conducted at 37°C for 90 minutes. Then 50 ^ll 
of peroxidase- labeled streptoavidin (Serotec) diluted 
400-fold with a physiological saline buffered with phosphate 
containing 0.5% of Triton X-100 was inci:bated at 37*C for 90 
minutes. To 100 ml of a buffer for colorization (citric 
acid-phosphoric acid buffer) were added 40 mg of 
o-phenylenediamine and 20 jil of 30% aqueous hydrogen peroxide 
to font! a substrate solution, 100 jil of the resulting substrate 
solution was added to a well, an enzymatic reaction was 
conducted, and absorbance at 492 nm was measured. From a 
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standard curve prepared from a monoclonal mouse IgE standard 
solution, the amotint of IgE antibody (ng/ml) in the supernatant 
liquid of culture was determined. 
[00171 

Result of the test is shown in Table 1. 



[Tatole 1] 





Produced Amount of IgE 


Lactic Acid Bacteria 


(ng/mi) 


Lactobacillus addophilus (ATCC 4356) 


28.12 


Laotobaoillus acidophilus (ATCC 4357) 


8.09 


Lactobacillus acidophilus (ATCC 11975) 


8.36 


Lactobacillus acidophilus (JCM 1028) 


21.96 


Lactobacillus acidophilus (JCM 1229) 


10.49 


Lactobacillus brews (ATCC 14869) 


10.6B 


Lactobacillus buchneri (ATCC 4005) 


13.94 


Lactobacillus easel (ATCC 393) 


10.13 


Lactobacillus deibruackii (ATCC 1 1 842) 


9.51 


Lactobacillus fermentum (ATCC 14931) 


9.51 


Lactobacillus gasserl {DSM 20234) 


66.95 


Lactobacillus haiveticus (ATCC 15009) 


28.56 


Lactobacillus johnsonii (JCM 2012) 


37.22 


Lactobacillus kefir (NRiC 1 693) 


8.22 


Lactobacillus paracasei (NCD0 151) 


9.37 


Lactobacillus plantanum (ATCC 1491 7) 


12.93 


Lactobacillus rhamnosus (ATCC 7469) 


25.11 


Lactobacillus salivarius (ATCC 11 741 ) 


8.00 


Streptococcus thermophlius (ATCC 19258) 


3.92 


Streptococcus thermophlius (YiT 2001 , FERIVl P-11 891) 


8.98 


Streptococcus thermophlius (ATCC 14485) 


8.68 


Streptococcus tharmophiius (YIT 2021 ) 


2.00 


StfeptoGocGus thermophlius (NCDO 821 ) 


4.53 


Sbvptococcus thermophlius {ATCC 19287) 


24.63 


LaotOGOCCUS lactis (ATCC 19257) 


28.78 


L^otococcus piantarum (ATCC 431 99) 


5.76 


Lactococcus ramnolactis (ATCC 43920) 


5.45 


Leuconostoc lactise (ATCC 119256) 


4.30 


Leuconostoc mescenteroides (ATCC 19254) 


8.06 


EnterococGUS feecaffs (ATCC 19433) 


2.46 


Bnterococcus faedum (ATCC 1 9434) 


18.11 


Control (no lactic acid bacteria added) 


100.81 



[0018] 

The same suppressive action for production of IgE 
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antibody as above was also confirmed for protein antibody other 
than ovalbumin such as pollen and tick antigen. 
[0019] 

[Advantages of the invention] 

The suppressive agent for suppressing production of IgE 
antigen and the anti-allergic agent according to the present 
invention comprise lactic acid bacteria which constitute human 
intestinal bacterial flora or lactic acid bacteria which have 
been utilized for a long time for the manufacture of dairy 
products. Therefore, they are safe even when orally ingested 
for a long period continuously and, further, they should 
exhibit synergiatically the useful actions which lactic acid 
bacteria have been known to have such as the effect of calming 
intestinal disorder, ant i-tiimor action, anti -mutation action, 
immunostimulation action, hypotensive action, anti-ulcer 
action and hypocholesteremic action. Accordingly, when they 
are used, prevention and treatment of various kinds of allergic 
diseases become significantly easier. 
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Abstract 

Badcgreund:LeKtobaclllus easel strain Shirota (US) has been 
found to exertantlellergic effects In animal experiments, but 
there is little information about Its clinical effects In human 
patientswith allergy.Met/iod!s; We performed arandomlzed 
double-blind, placebo-controlled study to Investigate the 
effects of LcS In patients with allergic rhinitis triggered by 
Japanese cedar pollen UCP). Participants were asked to drink 
fermented milk containing LcS (LcS group) or placebo (con- 
trol group) for 8 weeks. Clinical symptoms and immunolog- 
ical parameters were compared between the two groups, 
ffesw/ts;Symptom-medfcatlon scores (SMS) worsened in ac- 
cordance with the increase In the amount of scattered JCP. 
in terms of the nasal and ocularSMS, there was no significant 
difference between the LcS group and the placebo group 
during the Ingestion period. I n the subgroup of patients with 
moderate-to-severe nasal symptom scores before starting 
the ingestion of test samples, supplementation with LcS 
tended to reduce nasal SMS. Cpnc/w/on: These results Indi- 



cate that fermented milk containing LcS does not prevent 
allergic symptoms In patients sensitive to JCP, but may delay 
the occurrence of aDerglcsymptomsln patients with moder- 
ate-to-severe nasal symptom scores. 

Cofvrtsht o 2007 S. Xargcr AG, Basel 



Introduction 

Recently, patients with allergic rhinitis have been in- 
creasing in lapan, and the incidence of allergic rhinitis 
caused by Japanese cedar pollen (JCP) is estimated to be 
in the range of 10-15% among Japanese people [1], This 
tendency could be a serious problem from the standpoint 
of socioeconomic aspects, because the allergic symptoms 
are unpleasant for patients and often cause various dis- 
turbances in their ordinary Ufis during theparticular sea- 
son. Moreover, themedical bill for treatingallergjc symp- 
toms is not negligible. 

The general treatment of aDei^ic rhinitis is adminis- 
tration of antihistamines, laser evaporation of the infe- 
rior turbinate. Vidian neurectomy and immnnotherapy, 
These modalities are considered efQdent but have some 
problems. Antihistamines sometimes cause side ejects 
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LcS group . 



Fkce^o group r.\ SigniSi^aace 



Number of patients (ma]e;fema]e} 


SS (22;33) 


54 (21:33) 


NS 


Age, years 


39.3 + 8.0 


39.5 ±10.9 


NS 


Total IgE,IU/jiiI 


198.9 ± 273.8 


. Ifi0.0±247.0 


NS 


Anti-]CPIgE.IU/nil 


3S.6 + 21.S 


14.0 ±15.7 


NS 


NssalSMS 


3.33 ±0.72 


1.42 ±0.88 


NS 


Ocular SMS 


0,94+1.01 


0.95 ±0.97 


NS 


Swelling of nasal mucosa 


J,24±l,00 


I,.20±0.86 


NS 


Color of DBSil mucosa 


1.45 + 0.90 


1J2±0.91 


NS 


Anoontofmuctu 


0.89+0.76 


0.89+0.66 


NS 


Nature of nraois 


1,45 + 1.32 


1.50 ±U1 


NS 



NS 3 Not significant SMS ■> symptom-medication score. 



such as sleepiness, thirst or gastrointestinal disturbance, 
and their dose and timing of administration should be 
strictly controlled. Laser e:vaporation of the inferior tnr- 
binafe^A^idian neurectomy and immunotherapy cause a 
great burden to the patient, such as hospitalization, or 
sometimes a long ambulatory treatment period. Under 
these circumstances, food products to prevent or improve 
allergic symptoms that are easily available in ordinary life 
are required. Thus, yogurt, tea andhcrbshavebeen shown 
to potentially relieve the allergic symptoms [2-5]. 

Supplementation with milk fermented with Lactoba- 
ciUusparacasei 33,1, acidophiius'L-92 Bifidobacterium 
longum BB536 has been shown to suppress the subjective 
symptoms and may modulate immunological parame- 
ters in allergic rhinitis patients [6-9]. These findings sup- 
port the opinion that stabilization of the intestinal miao- 
flora by administration of probiotics may prevent the 
development of allei^ic rhinitis, 

I, casei strain Shirota (LcS) suppresses the IgE pro- 
duction of splenocytesby enhanced interleukin 12 secre- 
tion by macrophages in vitro [10], and its administration 
prevents lie dervation pf the IgE level and induction of 
anaphylactic symptoms after sensitization with ovalbu- 
min in animal models [11, 12]. Therefore, itis worthwhile 
examining whether LcS could improve allergic symp- 
tonis in humans. Wc evaluated the effect of fermented 
milk containing LcS in patients with allergic rhinitis to 
JCP in a randomized double-blind, placebo- controlled 
study. This report shows that ingestion of fermented milk 
containing LcS did not prevent clinical symptoms or ab- 
normal immunological parameters in patients allergic to 
JCP. but may delay the occurrence of subjective symp- 
toms in patients with moderate-to-severe nasal symptom 
scores. 



Materials and Methods 

Subjects 

To carry out tWs study, we recrolted participants enrolled for 
human studies in the noutreated subject bank of Solkeii Jnc, (Osa- 
ka, Japan), vrtiich is an organization for evalaatingthe fiuictiona 
of foods oi food-derived materials In humans. We explained the 
aim and protocd of this study, asked if they were willing to par- 
ticipate and screened for subjects having spedflc IgE for JCP by a 
scratch test using aUergen extract (Torii Pharmaceutical Go. Ltd., 
Tokyo, Japan) and a ladioallergosorbent test Exclusion criteria 
■were as follows; use of antihistamines or antiaHeigtc medication 
at the time of the Screening test; any recent history of acute rhini- 
tis, sinusitis, nasal polyp, hypertrophic rhinitis, septal defonnity 
or asthma; severe disocder of the liver, kldiwy; heart respiratory 
organs, endocrine glands or metabolism; treatment with iiypo- 
sensttization therapy, &equently drinking dairy ptroducts con- 
tatainglactic acid bacteria, and cow's milk lUeigy. The study was 
performed in accordance with the Declaration of Helslnid and 
approved by the local ethics comnUttee, wliich is itidependent gf 
Soiken Inc. Written Informed consoat was obtained from all the 
participants. 

Study Design 

The study was performed in a randomized douUe-blind, ph- 
cebo-controUed manner. Experiments wereperformed from Jan- 
nary 22 to April IS, 2005, Randomization was performed by doe- 
tors, who were not imrolved in this study design. All of the en- 
rolled subjects were randomly as^ed to the LcS group or the 
placebo group according to computer-generated permuted-block 
randomization. There was noobvionsdiilerence in the two groups 
(table 1), The LcS group drank fermented milk containing LcS 
(4 X lO^'CPU/aOml) and the placebo group drankunfetmented 
milk. The composition of fermented mflkcontainsngLcS and pla- 
cebo was the same except that the placebo did not contain LcS, 
and the lactic add level of placebo was adjusted to the level of fer- 
mented milk containing LcS. Before delivery to the participants, 
we confirmed that thefermentcd milk contdned more than S X 
10° CPU/ml of LcS, and both fennented milk and placebo had no 
contamination with otiier bacteria. 
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T^mnra etal 



^rt^ fngesUonpolod (fermented mlll<cOT»alnlngLcS or placebo) | 


A I 

A 


4 ► 


i A ■ A A 
L ▲ A A 


1205UbJ<Cts 


1 £0 usianed placebo — >- 54 compleicd 


1 60 aslgned IcS > S5 compleisd 



Fig. 1 , Study pro Jcol. The dinical tiisl tvsu carrifid out from January 22 to April 15, 2005. Participants were 
ssked to diink fenncnteii milk contalidng LcS or placebo for 8 weeks, and to record their tyniptonw in s diary 
every day. Medical examination vni conducted 5 times, and blood samples were taken 4 times during the 



To assure the viability of LcS. we prepared fermented milk ev- 
ery week during the study period. Piarthermore, we checked the 
acidity and sugar level in LcS-containing fermented milk and 
confirmed thatthesevalueiwerewithinstandardizedlevels. We 
did not check the intesttnal microflora in the volonteets in this 
study. Howerer, it has already been verified that tcS can be de- 
tected in feces after supplementation of IcS-containing ferment- 
ed milk [13-lS],Weadn:dalIthepart!cip?ntsnotto change their 
ordinary lifestyle during the Sttidy. The participants drank 80 ml 
of placebo or ferntented milk containlRg LcS daily for 8 weeks. 
Tbt schedule of the study Is shewn in figtirE i. Fartld'pants were 
Bsksd to record their nuaL and ocolBr symptoms and iuedicatiiin 
in a diary during the study period. Moteover, they underwent 
medical examination by att otolaryngologist S times during the 
study. 

Evaluation ofSyn^toms and Medical Examination of Subjects 
The scores of nasal and ocnbr symptoms have been defined 
by the Japanese Society of Allergology [1, !£]. Briefly, snee^g, 
runny nose, stuffy nose, itchy eyes and watery eyes were each 
scored firom 0 to 4 according to die severity of symptoms by the 
participants, and the medication score was estimatedbasedon the 
efficacy of medicines (table 2J. The medication score, which was 
described in the guidelines of the Japanese Society of Alleigology, 
is determined by medication usage (table 2). The dinical condi- 
tion of the nasal cavity (swelling and color of nasal mucosa, 
amount and nature of mucus) was scored £n>ra 0 to 3 fbr each fea- 
ture according to the severity by the otolatyngologiel (table 3). 
The symptom-medication score (SMS) was calculated by sum- 
ming the symptom score and the medicadon score. 



Table 2, Symptom score and medication score for evaluating the 

subjective symptoms 



a Symptom score 





qfeF£,Sn\J^^;mi%C-iS^ 


0 

1 

2 
3 
4 


0 0 none none none 
1-5 ]-5 mOd mild mild 
fr-lO 6-10 modeiate moderate nsodecate 
11-20 11-20 sewre severe severe 
>21 >21 violent violent violent 


b 


Medication score 




1 oral antihistamine, oral lustamlne release inhibitor, 
iu>se or eye drops (witiiaut stenidi) 


2 


local administration of steroids 


3 


oral antiliistamlne plus local administration of steroids 


Sneeiing = Average number of sneezing attacks In a day; run- 
ny nose = average number of times patient blew nose In a day. 



Froblodcs and Allergic fihinttls Induced 
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Fig. 2, Nasal and ocular SMS thtoogboat the study period. Nasal 
SMS in the LcS groop (•) and placebo group (O) and ocular SMS 
in the LcS group (■) and placebo group (D) are shown as means 
± SE. FiUcd coluransshow thtaverageainount ofpaUen (JCP and 
hinoki pollen) scattered in the area when the studies weie carried 



Shod Examination 

Blood samples were collected 4 times during the study, and 
anti-JCXP IgE, eosinophil number, eosinophil cationic protnn 
(ECP) and the balance of Thl cells to 112 cells (Thl/Th2 ratio) 
were determined. Theanti-JCP IgE level was evaluated by the ra- 
dioallergosorbent test. The ECP level was measured by radioim- 
mtmoassay (Onicap system; RocheDiagnostics KK, Sweden), Pe- 
ripheral blood mononuclear cells were stimulated with phorbol 
myrlstate acetate plus ionamydn for 4 h in the presence of btefel- 
din A, and stained with anti-CD4 antibody. After cells had been 
fixed and permeabilized, the accumulated 7-interferan and inter- 
leokin 4 in CD4+ T cells were stained and measured by a flow 
cytometer. The ratio of 7-lnteriEniiM- T cells to laterlea- 
kln-4+ CD4+ T cells was expressed as Thl/ThZ batance. 



Statistical Anafysis 

SMS were avenged «ach week. Differences In SMS and 
scription of the nasal mucosa between th« groups were evaluated I 
by the Mann-Whitney U test. Diffeiences In immunological pa- 1 



ranieters were assessed by the unpaired Student's t test Data were 
analyzed using SPSS soibvare (vWdon 11.5, SPSS Inc., Chicago, 
IB., USA). 



Results 

Scattering of JCP 

The Osaka Prefectural Institute of Public Health and 
the Japan Weather Association reported that much JCP 
was scattered in the spring of 2005, and the level of JCP 
reached 10-30 poilen/cm^ on the first 10 days of March 
(4-S weeks after the start of ingestion), being maximal 
(approx. 600 pollen/cm*) in the last 10 days of March (7 
weeks). Thereafter, the amount of scattered JCP gradu- 
ally declined, although it was still detected at more than 
10-30 pollen/cm* until the beginning of April (9 weeks). 
Furthermore, hinoki pollen started to scatter from the 
beginning of April, causing a biphasic change in the aver- 
age amount of total pollen in the spring of 2005 (fig. 2). 

Study Population 

One hundred and twenty subjects were enrolled, but 
11 subjects declined to take part In the study for personal 
reasons. As a results 109 subjects (54 subjects in the pla- 
cebo group and 55 in the LcS gnnip) completed the study 
and their data were analyzed (flg. 1). There was no differ- 
ence between the groups in terms of age, total and anti- 
JCP IgE level, and severity of. allergic symptoms before 
the study (table 1). 

Subjective Symptoms 

Nasal and ocular SMS b egan to rise during the first 10 
days of March in 2005 {4 weeks after the start of inges- 
tion) and increased in association with the increase in 
scattered JCR^Sterioratjon of nasal SMS was delayed 1 
in tne LcS group compared with the placebo group, 
but the difference in nasal SMS between the groups was 
significant during the study (% 2). Hovrevei',:when 
the patients were divided into two categories (^ild' and 
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Fig. 3. Score of condttion of nasal mncosa 
throughout the iCoAf. Data ue piewnted 
asiueana ± SB. • > IcS gioap; O pla- 
cebo group. 
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'moderate-to-severe'J based on the nasal symptom score 
■before the study, the nasal SMS in moderate-to-severe 
cases In the LcS group was lower at 4 and 5 weeks than in 
the placebo group (LcS group n = 13i placebo group n = 
11; data not shown). 

Medical Examination of Nasal Cmity 

Scores of swelling and redness of the nasal mucosa, 
and the amount and nature of mucus deteriorated in as- 
sodadon with the inaease In scattered JCP. However, 
none of these scores di£Gered between the groups (fig. 3). 



Blood Exttmination 
Immunological parameters 



sociated with allergic 
symptoms increased in response to the amount of scat- 
tered JCF, Compared with die value before ingestion, the 
ECP kvd rose by 4 weeks and the anti-JCP IgB level and 
eosinophil number Increased by 8 weeks. No difference 
was detected in immunological parameters between the 
two groups during the«tudy (fig. 4). We divided the par- 
ticipants into mild cases and moderate-to-severe cases 
based on the nasal symptom score before the study and 
performed the statistical analysis, but there was no sig- 
nificant difiierence between the two groups (data not 
shown). 



Side Sheets 

Ten subjects suffered iirom a cold, 3 subjects developed 
diarrhea,, and 1 subject vomited during the study. Ail of 
these disorders were transient and there was no concern 
that they were related to the ingestion of fermented milk 
containing LcS (data not shown), 



Piscusslon 

We investigated the effect of fermented milk contain- 
ing LcS on allergic symptoms triggered by JCP in a ran- 
domized double-blind, placebo- controlled study. The re- 
sults showed that nasal and ocular SMS worsened in ac- 
cordance with the increase in scattered JCP, confirming 
that the subjective symptoms of allei^ic rhinitis appear 
swiftly In response to scattered JCP. We have also per- 
formed a similar study in the spring of 2004 when a very 
small amount of JCP was scattered. Most patients did not 
experience any problem rdated to allergic symptoms, 
and nasal and ocular SMS in the participants did not rise 
in the spring of 2004 (data not shown). Taken together, 
these observations demonstrate that subjective symp- 
toms are good parameters to assess allergic rhinitis dur- 
ing the JCP season. 
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^3asal and ocular SMS were not different between the 
LcS group and the placebo group. These results show that 
supplementation Yrith fermented milk containing LcS 
during the JCP season does not prevent the exacerbation 
of seasonal allergic rhinitis. When the subjects were di- 
vided into two subgroups based on the severity of nasal 
symptom score before the start of ingestion, nasal SMS of 
the participants with moderate-to-severe nasal symptom 
scores was lower in the LcS group than in the placebo 
group at 4 weeks and 5 weeks, indicating that LcS may 
delay the onset of allergic symptoms in patients with a 
moderate-to-severe .condition. In previous studies, we 
found that a daily drink of 80.ml of fermented milk con- 
taining LcS caused recovery of natural killer cell activity 
in humans [17-19], Therefore, we considered that 80 ral 
of fermented milk containing LcS could be sufficient Sot 
modulating human inunune function. However, It re- 
mains to be elucidated whether more than 80 ml may 
improve the results in placebo-controlled trials using 
participants with moderate-to-severe nasal symptoms in 
future, investigations , 

The clinical effects of probiotics on allexgic rhinitis 
have been examined in several studies, Fermented milk 
containing L pamcasei LP-33 reduced the subjective 
symptoms in patients with perennial allege rhinitis 
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more efBciently than fermented milk containing 5trepto- 
coccus thermophilus and L. hulgaricus [6]. Fermented 
milk containing i, acidophilus L-92 improved the sut^ec- 
tive srymptoms in not only perennial allergic rhlnltisi.lmt 
also Japanese cedar pollinosis, compared withheattreat- 
ed milk, although the iramunoIoglcaJ parameters Were 
not different between the L-92 gjoup and the;pl.aceb,p • 
group [7, 8]. Furthermore, the dinical symptoinSlln" ~ ' 
nese cedar pollinosis were relieved in p; 
■yogurt fennentedwithB.fon5g:«wBB536,S.f?j^ 
and I. delbmeckii compared with those ingeiilj 
fermented with 5. thermophilus and I. dfk^, 
the immunological parameters were.njt^^f 
/o«^m-BB536-fermented yogurt {9].'.T!i|^V| 
gest that some probiotic strains and/or r ' 
products are responsible for improvem?itl 
nitis. In contrast, supplementation wftKj 
taining L. rhamnosus GG did not-iii|poS^.. 
symptoms of birch-pollen-allergic patie^i 
fore, fijrther Investigation is required to eli 
tiallergic effects of probiotics on.all.ergieflji 
et al, [21] have reported that admini U&tii 
msus GG did not improve .the. diiuCftl: 
with fiwd allergy, but this probiot.iciBSa^^ 
live for the improvement of sympfom n 




tized subgroup. Our results also suggest that supplemen- 
tation with LcS might dday the onset of allergic symp- . 
toins in subjects with moderate-to-severe symptom 
scores. Altogether, the effect of probiotJcs on allergic rhi- 
nitis may vary dependent on the disease condition. 

The effects of probiotics to modulate immunologica] 
parameters associated -with allergic symptoms should be 
elucidated. It was reported that LcS suppressed IgE pro- 
duction in vitro and reduced the antiovalbumln IgE level 
in wild-type mice and transgenic mice expressing oval- 
bumin-specific T-ccll receptor [10-12]. However, no dif- 
ference was detected in immunological parameters be- 
tween the LcS group and the placebo group in this dini- 
cal trial. Probiotics may possibly improve subjective 
symptoms even if immonoSogical parameters such as the 
allergen-specific IgE level or Thl/rh2 imbalance are not 
normalized. In that sense, it is of great Interest that sup- 



plementation with L. rhamnoais 19070-2 and L. reuUri 
DSM stabilized the intestinal barrier function and de- 
creased gastrointestinal symptoms In children with atop- 
ic dermatitis [22]. Moreover, involvement of natural kill- 
er T cells and regulatory T cells in the induction and con- 
trol of allergic responses has been proposed [23, 24], 
Therefore, other mechanisms besides suppression of IgB 
production or normalization of Thlirni2 imbalance 
could be hivolved in the antfallcj^c activity exerted by 
probiotics in humans. 
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Fig. 1 ; Changs of Serum OVA^psofflc [gE of OVA^nsRteed M[ce 
and Effect of OralAdmlnlsfratlonofCLSZKIlIacf Cells 

#F<'<Z17ji'oompared wHh control mnip 
# Control (n=5-8 for each group) 

■ L-82 6.0ms/day 
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Abstract 

Beneficial effects of lactobacilli liave been reported for patients with allergic diseases and intestinal disorders such as 
inflammatory bowel disease. However, it is not fully understood how such bacteria influence the immunologic 
response. For this purpose, we investigated the effect of Lactobacillus acidophilus strain L-92 (L-92) on antigen- 
stimulated T cell responses In vitro and in vivo. In vitro, L-92 decreased the proliferation of CD4'^ T cells stimulated 
with antigen, and also induced apoptosis of antigen-stimulated T cells, On the other hand, interferon (IFN)-7 secretion 
from naive T cells was increased while interleukin CIL)-4 secretion was decreased by L-92. Co-culture with L-92 
induced apoptosis of differentiated Thl and Th2 cells. The degree of apoptosis induction was higher in Th2 cells. 
Moreover, L-92 up-regulated the expression of B7-H] and down-regulated that of B7-H2 on dendritic cells (DCs), and 
DCs exposed to L-92 also induced apoptosis of antigen-stimulated T cells. Finally, orally administered L-92 induced 
apoptosis of OVA-specific TCR Tg T cells. These results indicate that L-92 attenuates the CD4*^ T cell response by 
inducing DC-mediated apoptosis and that it might exert beneficial effects in patients with diseases resulting from a 
hyper-response of CD4* T cells, 
© 2007 Published by Elsevier GmbH. 

Keywordv Lactobacillus acidophilus; Apoptosis; T cells; Dendritic cells 



Introduction 

Lactic acid bacteria (LAB) have attracted a lot of 
interest because of their beneficial effects, such as their 

Abbreviations: AlCD, aciivation-indueed cell death; APC, antigen- 
prcscnling cells; DCs, dendritic cells; IFN, interferon; IL, interleukin; 
LAB, lactic add bacteria; TLR, Toll-like receptors. 
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protective effect against intestinal infection (Servin 2004; 
Perdigon et al. 1 999), their contribution to the treatment 
of inflammatory bowel diseases OBD) (Setoyama et al. 
2003), and the enhancement of natural killer cell activity 
(Gill et al. 2001). Moreover, LAB alleviate allergic 
diseases such as atopic dermatitis (Kalliomaki et al. 
2001), perennial ailer^c rhinitis (Ishida et al, 2005a), 
and pollen allergy (Ishida et al. 2(M)5b). Thus, some 
probiotic bacteria are capable of improving immunolo- 
gic function. 

Naive T cells, which are presented antigen by antigen- 
presenting cells (APC), produce IL-2, proliferate, and 
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develop into efTector T cells. These activated T cells 
undergo apoptosis, which is known as activation- 
induced cell death (AICD) and plays an important role 
in maintaining T cell homeostasis (Russell et al. 1991; Ju 
et al. 1995). After the initial activation, naive T cells 
differentiate into Thl or Th2 cells and these secrete 
different cytokines (Abbas et al. 1996). Thl cells secrete, 
among others, IFN-7 that principally mediates the cell- 
mediated immune response. Thl responses can also 
trigger the pathogenesis of inflammatory and autoim- 
mune disease such as type 1 diabetes and IBD (Liblau 
et al. 199S). Th2 cells secrete IL-4 and IL-5, among 
others, which mediate humoral immunity, Th2 type 
cytokines play a role in the difTerentiation into IgE 
antibody-producing B cells as well as in the recruitment 
of mast cells and eosinophils. As a result, Th2 cells will 
trigger the development of allergic diseases (Romagnani 
1994). T cell activation and differentiation are usually a 
consequence of antigen presentation by dendritic 
cells (DCs) of major histocompatibility complex class 
ri (MHC class 11) molecules in combination with 
proper expression of costimulatory molecules and 
the secretion of specific cytokines (Banchereau and 
Steinman 1998), 

LAB modulate the phenotype and functions of DCs 
(Mohamadzadeh et a!. 2005). Lactobacilli up-regulate 
the expression of MHC class II and costimulatory 
molecules, and induce some cyokines including 
IL-i2 (Drakes et al, 2004), IL-12 induced by lactobacilli 
skews naive T cells toward Thl (Shida et al. 1998; 
Pochard et al, 2005). As a result, lactobacilli inhibit 
antigen-induced IgE production (Shida et al. 1998; 
Ishida et al. 2003). These results suggest that LAB 
modulate T cell function by modulating DC function. 
Indeed, Lactobacillus rahmnosus modulates DC function 
to induce a form of T cell hyporesponsiveness (Braat 
et al. 2004), 

In this study, we examined the effect of Lactobacillus 
acidophilus L-92 on antigen-stimulated CD4'^ T cell 
function. We showed that L. acidophilus induced 
apoptosis of antigen-stimulated T cells in vitro and 
in vivo. Our data suggest that L. acidophilus attenuates 
the T cell response, and that these phenomena might 
explain the beneficial effects of lactobacilli in patients 
with immune diseases. 



Materials and methods 
IVIice 

DOn.lO mice (8-14 weeks) (Murphy et al. 1990) 
transgenic for OVA323_339-spccific and I-A''-restricted 
TCR-ap with a BALB/c genetic background were used 
in these experiments. Female BALB/c mice (9-10 weeks) 
were purchased from Clea Japan Inc. (Tokyo, Japan). 



Preparation of bacteria 

Lactobacillus acidophilus strain L-92 was cultured at 
37 °C for 18 h in Lactobacilli-MRS broth PIFCO, 
Detroit, MI), washed with distilled water and then 
lyophilized. Lyophilized bacteria were suspended in PBS 
and killed by heating at 100°C for lOmin. 

Preparation of CD4"^ T cells, APC, and CDllc^ 
DCs 

DOl 1 . 1 0 OVA-specific TCR transgenic CD4'^ T ceils 
were isolated from splenocytes by magnetic activating 
cell sorter (MACS, Miltenyi Biotec, Bcrgish Gladbach, 
Germany) positive selection using CD4 microbeads 
(Miltenyi Biotec). T cell-depleted splenocytes as APC 
were isolated from splenocytes of BALB/c mice by 
MACS negative selection using Thy 1.2 microbeads 
(Miltenyi Biotec). DCs were purified from splenocytes 
of BALB/c mice by MACS positive selection using 
CDl Ic microbeads (Miltenyi Biotec). 

Cell culture 

Cells were cultured in RPM11640 containing 5% fetal 
bovine serum (Sigma, St. Louis, MO), lOOU/ml 
penicillin, lOOng/ml streptomycin, 50 ^M 2-ME, and 

0. 03% glutamine in the absence or presence of L-92 
(0.1, 1. lOMg/ml). 

ELISA for cytokine 

CD4'^ T cells (1 x 10^ weir') were cultured with APC 
(3x10= weir') and I mg/ral OVA (SEIKAGAKU 
Corporation, Japan) in the presence (0.1, 1, lO^g/ml) 
or absence of L-92 for 72 h. Cytokine levels in culture 
supernatants were determined by ELISA as previously 
described (Ise et al. 2000). Briefly, capture antibodies 
(BD PharMingen, San Diego, CA) were coated on 
ELISA plates. After washing and blocking the plates, 
samples and standards were added, After washing, 
biotinylated antibodies (BD PharMingen) were added. 
The wells were washed, and streptavidin-conjugated 
alkaline phosphatase (Zymed, South San Francisco, 
CA) was added. The wells were washed and incubated 
with disodium 4-nitrophenylphosphate solution. Optical 
densities were read at 405 nm. 

In vitro proliferation assay 

Cm"^ T cells (1x10= weir') were cultured with APC 
(3 X 10' weir') and 1 mg/ml OVA in the presence (0.1, 

1, lOng/ml) or absence of L-92 for 72 h. Then cultures 
were pulsed with 1 nCi/well (^H]-thymidine for 24 h and 
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ihen harvested. Proliferation was assessed based on the 
incorporation of f HJ-thymidine. 

Annexin V staining 

CD4^ T cells (i x 10^ weir ') were cultured with APC 
(3 X lO^well""') and 1 mg/m! OVA in the presence 
(0. 1 , 1 , 10 ng/ml) or absence of L-92 for 96 h. Cells were 
harvested and washed with FACS buffer (1% FCS and 
0.1% NaN3 in PBS), incubated with anti-CD16/32 
(2.4G2, BD PharMingen) on ice to block non-specific 
binding to Fc receptors, and then stained with KJl, 
26-FITC. Cells were further stained using Annexin 
V-PE Apoptosis Detection Kit I (BD PharMingen) and 
analyzed using a FACS LSR with CcUQuest software 
(BD Biosciences, Mountain View, CA). 

TUNEL assay 

CD4"^ T cells (1 x 10* well"') were cultured with APC 
(3x10^ weir') and 1 mg/ml OVA in the presence 
(lOjig/ml) or absence of L-92 for 96h. The MEBSTAIN 
Apoptosis Kit Direct (MBL, Nagoya, Japan) was used 
according to the manufacturer's suggestions. Briefly, 
cells were incubated with anti-CD 16/CD32 to block 
non-specific binding to Fc receptors, and then stained 
with KJ1.26-PE (Caltag. California. USA). Cells were 
fixed with 4% paraformaldehyde in PBS, and then 
incubated in 70% EtOH at -70 "C to permeabilize. 
After washing, cells were incubated for 1 h at 37 "C with 
TdT reaction reagent (FITC-dUTP and TdT) and 
analyzed using a FACS LSR with CellQuest software. 

Preparation of ThI and TJi2 cells 

CD4'^ T cells from DO 1 1.10 mice were cultured with 
1 mg/ml OVA and APC treated with 50ng/ml mitomy- 
cin C (Sigma). For Thl polarization, anti-IL-4 (llBll, 
5 Mg/nil) and recombinant IL-12 (2 ng/ml) were added to 
the cultures and for Th2 polarization, anti-IL-12 (C17.8, 
5 ng/ml) and recombinant IL-4 (2 ng/ml) were added. 
Wc used harvested cells after 7 days culture as Thl cells 
and Th2 cells. Thl cells and Th2 cells were cultured with 
APC and I mg/ml OVA in the absence or presence of 
iO|ig/mlL-92. 

Flow cytometric analysis of DCs surface markers 

DCs (5 X 10^ ceils/ml) from BALB/c mouse spleen 
were cultured in the absence or in the presence of 
10 ng/ml of L-92 for 24 h. Cultured cells were harvested 
and incubated with anti-CD16/32 and stained with 
anti-CD llc-FITC (N418) and PE-labeled anti-B7-Hl 
{MIH5, c-Bioscience, San Diego. CA) or PE-labeJed 
anti-B7-H2 (HK5.3, e-Bioscience). Dead cells were 



excluded by propidium iodide staining. Data were gated 
on viable CDllc"^ cells. 

Apoptosis induction in vivo 

DO 11. 10 mice were intraperitoneally injected lOOfig 
of OVA in complete Freund's adjuvant (CFA) on day 0. 
Then they were administered heat-treated L-92 by 
gavage at a dose of lOmg/day, or saline, for 4 days. 
The mice were sacrificed and splenocytes were isolated, 
Then these were incubated with anli-CD16/32 on ice 
and stained with anti-CD4-APC (BD Pharmingen) and 
KJl. 26-FITC. Apoptosis of KJl. 26 positive cells was 
determined using the Annexin V-PE Apoptosis Detec- 
tion Kit I. 

Statistical analysis 

Differences in the ratio of apoptotic cells or the 
cytokine levels between absence of L-92 were analyzed 
by using one way ANOVA followed by Dunnett's or 
Tukey's multiple comparison test. The Student's r-tesl 
was used to analyze the effect on differentiated T cells. 



Results 

L-92 inhibits the proliferative response of antigen- 
stimulated T cells and induces apoptosis of these cells 
in vitro 

To study the effect of L acidophilus L-92 on antigen- 
stimulated CD4'^ T cell function, we first investigated 
IL-2 secretion from these cells. CD4"^ T cells from 
DOl 1.10 mice were cultured with APC and OVA in the 
presence or absence of heat-treated L-92 for 72 h, IL-2 
secretion from antigen-stimulated CD4'*' T cells was 
decreased by L-92 treatment (Fig. lA). Moreover, we 
determined the proliferative activity of antigen-stimu- 
lated T cells by measuring [■'H]-thymidine incorporation. 
As shown in Fig. IB, heat-treated L-92 inhibited {^H]- 
thymidine incorporation in a dose-dependent manner. 
We considered the possibility that the inhibition of T cell 
proliferation by L-92 was due to the induction of 
apoptosis. Thus, we examined whether L-92 induced 
apoptosis of antigen-stimulated T cells. 

A marker of apoptosis is the appearance of phospha- 
tidylserine (PS) on the outer membrane, a process that is 
called membrane-flip. PS can be detected by staining 
with annexin V. Splenic CD4"^ T cells from DOl 1.10 
mice were incubated with APC and OVA in the presence 
or absence of L-92. Annexin V-positive, KJ 1 .26-positive 
cells were detected by flow cytometry. In the presence of 
L-92 (10(xg/ml), the number of apoptotic KJl. 26 cells 
gradually increased compared to that found in the 
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Fig. 1. L-92 inhibits the proliferative response of CD4* T cells. (A) CD4* T cells (1 x lO' well"') from DO 1 1.10 OVA-speciflc TCR 
Tg mice were cultured with APC (3 x 1 Orwell"') and 1 mg/ml OVA in the presence or absence of L-92 for 72 h. The levels oriL-2 
was determined by ELISA. (B) CD4* T cells (i x 10^ weir') from DOU.IO OVA-specific TCR Tg mice were cultured with APC 
(3 X 10' weir') and 1 mg/ml OVA in the presence or absence of L-92 for 72h. Then cultures were pulsed with [^H]-lhymidine for 
24h and ['H]-thymidine incorporation was measured. Data are presented as the mean value ±S.E. **/j<0.01, *"/i<O.OOI vs.Ong/ml 
of L-92 (Dunnett's test). The results shown are representative of two independent experiments. 



absence of L-92 in a 4-day culture period. Fig. 2A-C 
shows the ratio of apoptotic CD4"^ T cells at 96h. Even 
at the dose of 1 ng/ml L-92 induced apoptosis of 
antigen-stimulated T cells but IO(ig/mi of Escherichia 
coU did not induce apoptosis (Fig. 2C). In addition to 
staining with annexin V, apoptosis was investigated by a 
TXJNEL assay, which reveals the apoptotic fragmenta- 
tion of nuclear DNA. The number of TUNEL-positive 
KJ1.26-positive cells was increased by L-92 treatment 
(Fig. 2D-T). These results demonstrate that L-92 
induced apoptosis of antigen-stimulated T cells. The 
results imply that L-92 induced apoptosis of proliferat- 
ing T cells activated by antigen stimulation, and that the 
inhibition of CD4* T cell proliferation was due to 
induction of apoptosis. 

Effect of L-92 on IFN-7 and IL-4 secretion from 
naive T cells 

To investigate the effect of L-92 on cytokines 
secretion from naive T cells, we measured the amount 
of IFN-Y and IL-4 secreted from CDA* T cells cultured 
with L-92. At low doses (0,1-1 ng/ml) L-92 enhanced 
IFN-Y secretion, but at lOng/ml L-92 did not (Fig. 3 A). 
On the other hand, IL-4 secretion was decreased by L-92 
treatment in a dose dependent manner (Fig, 3B). 

L-92 induces apoptosis of differentiated Thl and Th2 
cells 

Since we found that L-92 induced apoptosis of naive 
T cells after antigen stimulation, we then investigated 
the effect of L-92 on differentiated Thl and Th2 cells. 



Thl and Th2 cells were prepared as described in 
Materials and Methods section. Apoptosis induction 
after antigenic stimulation in the presence or absence of 
L-92 was examined by annexin-V staining. L-92 induced 
apoptosis of Th2 cells after stimulation with antigen 
(Fig, 4A), Stimulation of Thl cells with antigen in the 
presence of L-92 also resulted in an increased ratio of 
apoptotic cells (Fig. 4B), although the degree of 
apoptosis induction was lower compared to Th2 cells. 
These results suggest that L-92 induced apoptosis of 
differentiated helper T cells. 

L-92 modulates the expression of costimulatory 
molecules on DCs and induces apoptosis of CD4''' T 
cells 

Costimulatory molecules expressed of DCs play an 
important role in T cell function, so we investigated 
whether L-92 modulate the expression of costimulatory 
molecules. B7-1 and B7-2 are well known costimulatory 
molecules. In preliminary experiments, we investigated 
the effect of their expression by L-92 treatment, but L-92 
did not effect their expression (data not shown), 
Recently, new B7-family molecules have been identified, 
so we investigated the expression of other B7-famiIy 
molecules, B7-H1 and B7-H2. DCs isolated from the 
spleen of BALB/c mice were treated with L-92 for 24 h, 
and the expression of costimulatory molecules was 
analyzed by flow cytometry. The expression of B7-HI 
was up-regulated by L-92 treatment (Fig. 5A), while that 
of B7-H2 was down-regulated (Fig. 5B). It is known that 
B7-H] negatively regulates T cell responses (Freeman 
et al. 2000), and B7-H2 positively regulates T cell 
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Fig. 2. L-92 induces apoptosis of antigen-stimulated CD4* T cells. CD4* T cells (1 x lO'weJJ"') from DO 11. 10 mice were cultured 
with APC (3x10* weir') and I mg/ml OVA in the absence (A, D) or presence {B. E) of 10 jig/ml L-92 for 96 h. Cells were stained 
with KJI.Z6-FITC, annexin V-PE. and V-AAD (A, B and C) or KJI .26-PE, and TdT+ FITC-dUTP P, E and F). The dot plots (A, 
B) and histograms (D, E) represent KJI. 26 positive cells. (C) The number of annexin V-positive, KJI. 26- positive cells increased in 
the presence of L-92 but did not in the presence of 10 |jg/ml of E. coli. Data are presented as the mean value ±S.E. The results shown 
are representative of two independent experiments. "V<O.OOI vs. 0 Mg/ml of L-92 (Dunnetfs lest). (F) The number of TUNEL- 
positive, KJ!.26-posilive cells increased in the presence of L-92. Data are presented as the mean value+S.E. The resulu shown are 
representative of two independent experiments. 'p<OMl vs. control (Student's Mest). 
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Fig, 3. Effect of L-92 on IFN-y and IL-4 secretion from naive T cells. CD4'*" T cells (I y 10= well"') from DOll.lO mice were 
cultured with APC (3 x 10* weir') and 1 mg/ml OVA in the presence of L-92 for 72h. Cytokines were determined by ELISA. Data 
are represented as the mean value ±S.E. The results shown are representative of two independent experiments. V<0.05, "jb<0,OI , 
**V< 0.001 vs. OnB/ml of L-92 (Dunnett's test). 
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Fig. 4. L-92 induces apoptosis of difTerentiated ThI and Th2 cells. DifTerentiated Th2 cells (A) and ThI cells (B) (1 x lO^welP') 
were cultured with APC (3x10' well"') and 1 mg/ml OVA in the absence or presence of 10 fig/ml L-92 for 96 h. Annexin V-positive, 
KJ1.26-positive cells were determined by flow cytometric analysis. Data are presented as the mean valiie±S.E. "V<0-001 vs. 
control (Student's /-test). 



responses (Wang et al. 2000). These results suggest 
that L-92 might inhibit T cell function through a 
DC-mediated induction of apoptosis. Thus, we tested 
whether CD4* T cells co-cultured with DCs exposed to 
L-92 underwent apoptosis at a rate higher than normal. 
L-92 (10 ng/ml) induced apoptosis of CD4* T cells (Fig. 
5C). The number of apoptotic cells in the presence of L- 
92 increased by increasing number of DCs (Fig. 5C). 
These results suggest that L-92 induced apoptosis of 
antigen-stimulated T cells through DCs. 

L-92 induces apoptosis of antigen-sfimulated CD4'*' 
T cells in vivo 

We revealed that L-92 induced apoptosis of antigen- 
stimulated CD4* T cells in vitro. We thus investigated 
whether L-92 induces apoptosis of antigen-stimulated 
CD4^ T cells in vivo. DOll.lO mice were intraperitone- 
ally injected lOOng OVA in CFA. Heat-treated L-92 
(lOmg/day) were orally administered for 4 days. Then 
mice were sacrificed, and ratio of antigen-specific T cells 
and apoptotic cells were analyzed by flow cytometry. 
L-92 significantly increased apoptosis of antigen-specific 
(KJ1.26-positive cells) CD4* T cells in mice compared 
with the control group which received only intraperito- 
neal immunization with OVA in CFA (Fig. 6A). Antigen- 
specific CD4'*' T cells (KJl .26-positive cells) were slightly 
decreased by administration of L-92 (Fig. 6B). There 
were no differences in the cytokine production (IFN-7, 
IL-4 and IL-10) between the administration of L-92 and 
saline when splenocytes were restimulated with OVA 
(data not shown). These results show that L-92 induces 
apoptosis of antigen-stimulated T cells in vivo. 



Discussion 

Previous studies have shown that some Lactobacillus 
strains modulate DC function, and that LAB-cxposed 
DCs inhibit the proliferation of allogenic T cells (Drakes 
et al. 2004; von der Weld et al, 2001) and CD3/CD28- 
stimulated T cell proliferation (Braatet al. 2004). In this 
study, we demonstrated that L. acidophilus L-92 inhibits 
the proliferation of antigen-stimulated CD4'^ T cells 
and induces apoptosis of activated T cells, as determined 
by annexin V staining and TUNEL assay. Our data 
suggest that L-92 induces apoptosis of T cells by 
modulating DC function. Finally, we showed that oral 
administration of L-92 induces apoptosis of antigen- 
stimulated T cells In vivo. 

Engagement of the TCR/CD3 complex following 
response to an antigen results in T cell activation. The 
majority of activated effector T cells are eliminated by 
AICD. AICD occurs as a result of repeated stimulation 
through the TCR, up-regulating plasma membrane 
expression of Fas and its iigand (FasL), thereby acting 
as a feedback mechanism for terminating an ongoing 
immune response (Russell et al. 1991; Ju et al, 199S). 
Failure of T cells to undergo apoptosis may cause 
immune diseases. For example, T cells from Crohn's 
disease patients are resistant to IL-2 deprivation- 
induced apoptosis or Fas- and nitric oxide-mediated 
apoptosis (Ina et al. 1999). Moreover, apoptosis of 
lymphocytes from atopic patients cultured with a 
specific allergen does not increase, whereas lymphocytes 
from atopic patients receiving specific immunotherapy 
undergo apoptosis after culture with the allergen 
(Guerra et al. 2001). Therefore, apoptosis of T cells is 
important for the maintenance of T cell homeostasis. 
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Fig. S. 1^92 modulates the expression of costimulatory molecules on DCs and DCs exposed to L-92 induce apoptosis orCD4 * cells. 
DCs (5 X lO' cells/ml) from BALB/c mouse spleen were cultured in the absence (dotted lines) or in the presence of 10}ig/ml of L-92 
(solid lines) for 24 h. Cells were stained with anti-CDI Ic-FITC and PE labeled anti-B7-Hl (A) or anti-B7-H2 (B). Data were gated 
on viable GDI Ic* cells. The results shown are representative of three independent experiments. (C) CD4* T cells (1 x 10' well"') 
from DOl 1.10 mice were co-cultured with DCs (opened bar: 5 x lO' well"', slash bar: 2 x 10* well"', dotted bar: I x 10* well"') and 
I mg/ml OVA for 96h in the presence or absence of L-92 (lOng/ml). Apoptotic KJ 1 .26-positive cells were determined by flow 
cytometric analysis. Data are presented as the mean value +S.E. 



We showed that L. acidophilus induced apoptosis of 
antigen-stimulated naive CD4''' T cells and differen- 
tiated helper T cells in vim (Figs. 2 and 4) and in vivo 
(Fig. 6A). The decrease in KJ1.26'*", CD4* T cells 
(Fig. 6B) suggests that L-92 causes T cell deletion by 
inducing apoptosis of antigen-stimulated T cells. Lacto- 
bacilli are beneficial in patients with various inflamma- 
tory disorders and allergic diseases. And orally 
administered L. acidophilus L-92 has been shown to 
alleviate the symptoms of perennial allergic rhinitis 
(Ishida et al. 2005a), and pollen allergy (Ishida et al. 
2005b}. Our findings might explain the beneficial elTect 
of LAB in patients affected by such diseases. 



Costimulatory molecules expressed on DCs play 
important roles in T cell activation and tolerance, 
B7-1 (CD80) and B7-2 (CD86) interact with CD28 or 
CTLA-4; signaling through the B7/CD28 pathway is 
required for IL-2 production and T cell expansion, and 
signaling through the B7/CTLA-4 pathway delivers a 
negative signal (Wang and Chen 2004). Some probiotic 
bacteria up-regulate the expression of B7-I and B7-2 
(Mohamadzadeh el al. 2005; Drakes et al. 2004). 
Nevertheless, no difference in B7-1 or B7-2 expression 
was observed on splenic DCs after co-culture with L-92 
(data not shown). Recently, several new members of the 
B7-famiIy have been identified (Wang and Chen 2004). 
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Fig. 6. L-92 induces apoptosis of antigen-stimulated CD4 * T cells in vivo. DOH.IO mice were intrapcriloneally injected with 100 ng 
of OVA in CFA on day 0. Then they were administered with heat-treated L-92 by gavage at a dose of lOmg/day {L-92) or saline 
(control). After 4 days, mice were sacrificed. Spleen cells were stained with KJ1.26-FITC, 3nti-CD4-APC, annexin V-PE and 7- 
AAD, Annexin V-positive, CD4-, KJI ,26-positive cells were determined by flow cytometry (A). Percentage of CD4-. KJ1.26-pOsitive 
cells as determined by Bow cytometry (B). Data are presented as the means±S.E. (n = 3). NT: not treated. 'p<Q.<}5, "p<0.0\ 
(Tukey's HSD test). The results shown are representative of two independent experiments. 



B7-H1 binds to its receptor: programmed death-1 
(PD-l), and costimulation with B7-H1 inhibits TCR- 
mediated proliferation and cytokines production result- 
ing in eel! cycle arrest (Freeman ct al. 2000), Moreover, 
B7-H1 on activated hepatic stellate cells enhances 
apoptosis of T cells (Yu et al. 2004). L-92 up-regulated 
B7-H1 expression on DCs (Fig. 5A). L-92 might induce 
apoptosis of T cells through B7-H1 present on DCs, 
Exposure to L-92 resulted in decreased expression of 
B7-H2, another B7 family molecule, which is a ligand 
for the inducible costimulator (ICOS) molecule. B7-H2 
costimulates the proliferation and cytokine production 
of T cells (Wang and Chen 2004). Our results suggest 
that L-92 may inhibit the T cell response by modulating 
the expression of costimulatory molecules on DCs. 

Commensal bacteria or orally administered bacteria 
interact with intestinal DCs (Macpherson et al, 2005). 
Intestinal DCs play an important role in innate and 
adaptive immune system (Niess and Reinecker 2005), It 
is well known that DCs influence the development of 
Thl and Th2 responses, either by the cytokines they 
produce or by costimulaling T celts, which can then 
proliferate and secrete cytokines and chcmokines 
(Banchereau and Steintnan 1998; Mellman and Stein- 
man 2001). A recent study revealed that lactobacilli 
induce activation and maturation of DCs, and thai 
lacto bacilli-exposed DCs secrete proinflammatory cyto- 
kines such as IL-6, IL-8, IL-12, and TNF-a, as well as 
suppressive cytokines such as IL-10 and TGF-p 
(Mohamadzadeh et al. 2005; Drakes et al. 2004). L-92 
also induced IL-6, IL-10, IL-12 from BALB/c spleno- 
cytcs (data not shown), suggesting the possibility that 
L-92 may induce the secretion of these cytokines from 



DCs. IL-12 secreted by DCs skews naive T cells toward 
Thl polarization (Shida ct al. 1998). In our experiment, 
L-92 induced Thl cytokine secretion from natve T cells 
albeit at low doses and suppressed Th2 cytokine 
secretion (Fig. 3), The up-rcgulation of the Thl response 
by L-92 was reduced by neutralizing IL-12 (data not 
shown). Thus, two pathways may be involved in the 
inhibition of the Th2 response: induction of apoptosis, 
and differentiation to Thl, The effect on Thl responses 
may be more complex. We consider that low dose of 
L-92 strongly enhanced IFN-y secretion through induc- 
tion of IL-12, while high dose of L-92 suppressed IFN-7 
secretion by extensive induction of apoptosis. It has 
been shown that probiotic bacteria are beneficial for 
patients with IBD (Setoyama et al, 2003), which has 
been associated with elevated levels of Thl cytokines in 
the colon (Powrie et al, 1994). In such cases, probiotic 
bacteria may suppress pathogenic Thl conditions by 
enhancing the secretion of immunosuppressive cyto- 
kines such as IL-10 and TGF-p, which may not only be 
secreted by DCs but also by regulatory T cells, or by 
inducing apoptosis as shown in this study. Our findings 
may also have relevance for the use of transgenic LAB 
as vehicles for therapy, such as the previous report 
utilizing IL-lO-expressing bacteria (Steidler et al. 2000). 
It is possible that a combination of secretion of 
immunosuppressive cytokines and apoptosis induction 
may be effective. 

Further studies are needed to elucidate active bac- 
terial cellular components. We showed that L. acid- 
ophilus L-92 (Gram-positive bacteria) induced apoptosis 
of antigen-stimulated T cells but E. coli (Gram-negative 
bacteria) did not (Fig. 2C). Grara-positive bacteria and 
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Gram-negative bacteria differ in their cell wall compo- 
nents. DC recognition of and response to molecular 
structures in bacteria is mediated by a family of pattern 
recognition receptors designated Toll-like receptors 
fTLRs). TLR signaling triggers a maturation program 
that includes up-regulation of MHC and costimulatory 
molecules and expression of several cytokines (Medzhi- 
tov 2001). Moreover, recent studies have suggested that 
TLRs may control T cell differentiation, activation and 
tolerance by modulating DC function (Barton and 
Medzhitov 2002; Kubo et al. 2004). CpG oligodeox- 
ynucieotides (TLR9 ligand) administered together with 
antigen prevents Tb2 cytokines induction, IgE produc- 
tion, and allergen-induced airway inflammation (Kline 
el al. 1998). It is likely that cellular component(s) of 
L-92 exert their T cell-inhibitory effects through TLRs. 

In conclusion, L. acidophilus L-92 induced apoptosis 
of activated €04"^ T cells and attenuated the CD4"^ T 
cell response. These phenomena could explain the 
beneficial effect of probiotic treatment in immunological 
diseases. 



References 

Abbas, A.K., Murphy, K.M., Shcr, A., 1996. Functional 
diversity of helper T lymphocytes. Nature 383, 787-793. 

Banchereav, J., Steinman, R.M., 1998. Dendritic cells and the 
control of immunity. Nature 392, 245-252. 

Barton, G.M., Medzhitov, R., 2002. Control of adaptive 
immune responses by Toll-like receptors. Curr. Opin. 
Immunol. 14, 3SO-3S3. 

Braat, H., van den Brande. J., van Tol, E., Hommes, D., 
Peppelenbosch, M., van Deventer, S., 2004. Lactobacillus 
rhamnosus induces peripheral hyporesponsiveness in stimu- 
lated CDA* T cells via modulation of dendritic cell 
function. Am. J. Clin. Nutr. 80, 1618-1625. 

Drakes, M.. Blanchard, T., Czinn, S., 2004. Bacterial probiotic 
modulation of dendritic cells. Infect, Immun. 72, 
3299-3309. 

Freeman, G.J., Long, A.J., Iwai, Y., Bourque, K., Chernova, 
T., Nishimura, H., Fitz, L.J., Malenkovich, N., Okazaki, 
T., Byrne, M.C, Horton, H.F., Fouser, L., Carter, L., 
Ling, v., Bowman, M.R., Carreno, B.M., Collins, M., 
Wood, C.R., Horuo, T., 2000. Engagement of the PD-1 
immunoinhibitory receptor by a novel B7 family member 
leads to negative regulation of lymphocyte activation. 
J. Exp. Med. 192, 1027-1034. 

Gill. H.S.. Rutherfurd, K.J.. Cross. M.L.. 2001. Dietary 
probiotic supplementation enhances natural killer cell 
activity in the elderly; an investigation of age-related 
immunological changes, J. Clin. Immunol. 21, 264-271, 

Guerra. F., Carracedo, J., Solana-Lara, R., Sanchez-Guijo, P., 
Ramirez, R„ 200 1 . TH2 lymphocytes from atopic patients 
treated with immunotherapy undergo rapid apoptosis after 
culture with specific allergens. J. Allergy Clin. Immunol. 
107, 647-653. 

Ina, K„ Itoh, J., Fukushima, K., Kusugami, K., Yamaguchi. 
T., Kyokane, K., Imada, A., Binion. D.G., Musso, A.. 



West, G.A., Dobrea, G.M., McCormick, T.S., Lapetina. 
E.G., Levine, A.D., Ottaway, C.A., Fiocchi, C, 1999. 
Resistance of Crohn's disease T cells to multiple apoptotic 
signals is associated with a Bcl-2/Bax mucosal imbalance. 
J. Immunol. 163, 1081-1090. 
Ise, W., Totsuka, M., Takato, R„ Hachimura, S., Sato, T., 
Ametani, A., Kumagai, Y., Habu, S., Kaminogawa, S., 
2000, Primary responses of naive CD4''' T cells to amino 
acid-substituted analogs of an antigenic peptide can show 
distinct activation patterns: Thl-and Th2-type cytokine 
secretion, and helper activity for antibody production 
without apparent cytokine secretion. FEBS Lett. 465, 
28-33, 

Ishida, Y., Bandou, I„ Kanzato, H., Yamamoto, N., 2003. 
Decrease in ovalbumin specific IgE of mice serum after oral 
uptake of lactic acid bacteria, Biosci, Biotechnol. Biochem. 
67, 951-957. 

Ishida, Y„ Nakamura, P., Kanzato, H.. Sawada, D., Hirata, 
H.. Nishimura, A., Kajimoto, O., Fujiwara, S., 2005a. 
Clinical effects of Lactobacillus acidophilus strain L-92 on 
perennial allergic rhinitis: a double-blind, placebo-con- 
trolled study. J. Dairy Sci, 88, 527-533, 

Ishida, Y., Nakamura, F., Kanzato, H., Sawada, D„ 
Yamamoto, N., Kagata, H., Oh-Ida, M., Takeuchi, H., 
Fujiwara, S., 2005b. EITect of milk fermented with 
Lactobacillus acidophilus strain L-92 on symptoms of 
Japanese cedar pollen allergy: a randomized placebo- 
controlled trial. Biosci. Biotechnol. Biochem. 69, 
1652-1660. 

Ju, S.T., Panka, D.J., Cui, H., Ettinger, R., el-Khatib, M., 
Sherr, D.H., Stanger, B.Z„ Marshak-Rothstein, A., 1995. 
Fas(CD95)/FasL interactions required for programmed cell 
death after T-cell activation. Nature 373, 444-448. 

Kalliomaki, M., Sahninen. S., Arvilommi, H., Kero, P., 
Koskinen, P., Isolauri, E, 2001. Probiotics in primary 
prevention of atopic disease: a randomised placebo- 
controlled trial. Lancet 357, 1076-1079. 

Kline. J.N., Waldschmidt, T,J„ Businga, TR., Lemish, J.E., 
Weinstock, J.V., Thorne, P.S., Krieg, A.M., 1998. Modula- 
tion of airway inflammation by CpG oligodeoxynucleotidcs 
in a murine model of asthma. J. Immunol. 160, 2555-2559. 

Kubo, T., Hatton, R.D.. Oliver, J., Liu, X., Elson, CO., 
Weaver, C.T., 2004. Regulatory T cell suppression and 
anergy are differentiaily regulated by proinflammatory 
cytokines produced by TLR-activaled dendritic cells. 
J. (mrounol. 173. 7249-7258. 

Liblau, R.S., Singer, S.M., McDevitl, H.O., 1995. Thl and 
Th2 CD4* T cells in the pathogenesis of organ-specific 
autoimmune diseases. Immunol. Today 16, 34-38. 

Macpherson, A.J., Geuking, M.B.. McCoy, K.D., 2005. 
Immune responses that adapt the intestinal mucosa to 
commensal intestinal bacteria. Immunology 115, 153-362. 

Medzhitov, R., 2001. Toll-like receptors and innate immunity. 
Nat. Rev. Immunol. 1, 135-145. 

Mellman, 1., Steinman, R.M., 2001. Dendritic cells: specialized 
and regulated antigen processing machines. Cell 106, 
255-258. 

Mohamadzadeh, M„ Olson. S.. Kalina. W.V., Ruthel, G., 
Demmin, G.L., WarHeld. K.L., Bavari, S., Klaenhammer, 
T.R., 2005. Lactobacilli activate human dendritic cells that 



1 Please cite this article as: Kanzato. H., et a!., Lactobacltlus addophUusstiaXn L-92 induces apoptosis of antigen-stimulated T cc1l» by modalating 
dendritic cell functiop. Imnwinobiology (2007), doi:10.l016/j.imbio.a)07.10.001 



10 H. Konzato cl al. / ImmunDbioioEy • (im) lU-lll 



skew T celts toward T helper 1 polarization. Proc. Natl. 
Acad. Sci. USA 102, 2880-2885. 

Murphy. K.M.. Heimberger. A.B., Loh, D.Y., 1990. Induction 
by antigen of intrathymic apoptosis of CD4 + CD8 + 
TCRlo thymocytes in oivo. Sdence 250, 1720-1723. 

Niess, J.H., Reineckcr, H.C., 2005. Lamina propria dendritic 
cells in the physiology and pathology of the gastrointestinal 
tract. Curr. Opin. Gastroenterol. 21, 687-691. 

Perdigon, G., Vintini, E„ Alvarez, S., Medina, M., Medici, M., 
1999. Study of the possible mechanisms involved in the 
mucosal immune system activation by lactic acid bacteria. 
J. Dairy Sci. 82, 1108-1114. 

Pochard, P., Hamtnad, H., Ratajczak, C, Charbonnier- 
Hatzfeld, A,S., Just, N., Tonnel, A.B., Pestel. J., 2005. 
Direct regulatory immune activity of lactic acid bacteria on 
Der p l"pulsed dendritic cells from allergic patients. 
J. Allergy Clin. Immunol. 116, 198-204. 

Powrie, F., Leach, M.W., Mauze, S., Menon, S., Caddie, L.B., 
Coffman, R.L., 1994. Inhibition of Thl responses prevents 
inflammatory bowel disease in scid mice reconstituted with 
CD45RBhi CD4+ T cells. Immunity 1, 553-562. 

Romagnani, S,, 1994. Regulation of the development of type 
2 T-helper cells in allergy. Curr. Opin. Immunol. 6, 
838-846. 

Russell, J.H., While, C.L., Loh, D.Y., Meleedy-Rey, P.. 1991. 
Receptor-stimulated death pathway is opened by antigen in 
mature T cells. Proc. Natl. Acad. Sci. USA 88. 2151-2155. 

Servin, A.L., 2004. AntagonisUc activities of laotobacilli and 
bifidobacteria against microbial pathogens. FEMS Micro- 
biol. Rev. 28. 405-440. 



Setoyama, H.. Jmaoka, A., Ishikawa, H., Umesaki, Y.. 2003. 
Prevention of gut inflamniation by Bifidobacterium in 
dextran sul fate-treated gnotobiotic mice associated with 
Bacterotdes strains isolated from ulcerative colitis patients. 
Microbes. Infect. 5, 115-122. 

Shida, K., Makino, K.. Morishita, A., Takamizawa, K., 
Hachimura, S., Ametani, A., Sato, T„ Kumagai, V.. Habu, 
S., Kaminogawa, S., 1998. Lactobacillus casei inhibits 
antigen-induced IgE secretion through regulation of 
cytokine production in murine splenocyte cultures. Int. 
Arch. Allergy Immunol. 115, 278-287. 

Steidler, L., Hans, W., Schotte, L., Neirynck, S., Obermeier, 
F., Falk, W., Piers, W., Remaut, E., 2000. Treatment of 
murine colitis by Lactococcus iactis secreting inteieukin-10. 
Science 289. 1352-1355. 

von der Weid, T., Bulliard, C, Schiffrin, EJ., 2001. Induction 
by a lactic acid bacterium of a population of CD4* T cells 
with low proliferative capacity that produce transforming 
growth factor p and interleukin-10. Clin. Diagn. Lab. 
Immunol. 8, 695-701. 

Wang, S., Chen, L., 2004. Co-signaling molecules of the 
B7-CD2S family in positive and negative regulation of T 
lymphocyte responses. Microbes. Infect. 6, 759-766. 

Wang, S., Zhu, G., Chapoval, A.I., Dong, H., Tamada, K.. Ni, 
J., Chen, L., 2000. Costimulalion of T cells by B7-H2, a 
B7-like molecule that binds ICOS. Blood 96. 2808-2813. 

Yu. M.C., Chen. C.H., Liang, X., Wang, L., Gandhi, C.R., 
Fung, J.J., Lu, L., Qian, S., 2004. Inhibition of T-cell 
responses by hepatic stellate cells via B7-H1 -mediated 
T-eell apoptosis in mice. Hepatology 40, 1312-1321. 



I Please dte this artlcls sk Kanzato, H., et al., Lactobacillus acUtophUus strain L-92 induces apoptosis of ancigen-stimulBted T cells by modulaUng 
dendritic cell function. Itnmunobiology (2007), doi:IO.IOI6/j.iinbio.2007.10.00l 



